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and simplifying a polygon. Polygon expanding or reducing 
logic receives information that represents a polygon having a 
Set of Vertices. The polygon expanding or reducing logic 
determines another polygon having another set of Vertices, 
Such that the other polygon encompasses or is encompassed 
by the polygon, by determining, for each vertex of the set of 
vertices, a new set of vertices that are derived from the vertex 
and are at least a particular distance outside or inside the 
polygon. The vertex reducing logic determines whether an 
intermediate vertex is within the particular distance of a pro 
posed segment between two other vertices of the other set of 
vertices, even though the intermediate vertex is not on the 
proposed segment, and, if so, removing the intermediate ver 
tex from the other set of vertices. 
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SIMPLIFYING A POLYGON 

COPYRIGHT NOTICE 

A portion of the disclosure of this patent document con 
tains material which is Subject to copyright protection. The 
copyright owner has no objection to the facsimile reproduc 
tion by anyone of the patent document or the patent disclo 
sure, as it appears in the Patent and Trademark Office patent 
file or records, but otherwise reserves all copyright rights 
whatsoever. Copyright (C) 2011 PalantirTechnologies, Inc. 

TECHNICAL FIELD 

The present disclosure relates to simplifying a polygon, for 
example, in generating displays of polygons or maps in a 
graphical user interface of a computer display. 

BACKGROUND 

Data collection techniques are becoming more fine 
grained, resulting in higher definition, more complex 
datasets. Some data, Such as geospatial data and other spatial 
data, may be represented using geometric figures such as 
polygons in two-dimensional space or polyhedrons in three 
dimensional space. The geometric figures may be con 
structed, displayed, or otherwise utilized based on stored data 
that defines the figures. 
A polygon may be defined by a collection of segments that 

connect to form a shape. Alternatively, a polygon may be 
defined by a collection of vertices that, when connected by 
segments, form a geometric shape. Similarly, a polygon may 
be defined by a combination of segments and Vertices that, 
when Supplemented with other segments and vertices, form a 
geometric shape. 
As used herein, the term “vertex' refers to a point at which 

two segments meet, or a point on a polygon that is used to 
define the polygon. Any given polygon could be described 
with any number of Vertices. Two segments may meet at a 
Vertex with an angle of 180 degrees to form a larger segment 
that includes the two segments. Alternately, two segments are 
not collinear when the two segments meet at a vertex with an 
angle greater or less than 180 degrees. As used herein, the 
term “segment” refers to a connection or coupling between 
two vertices, or points on a polygon. A segment may be an arc 
segment, a line segment, a Zig-Zag segment, or some other 
representation of the connection. 
Some polygons, such as convex polygons, may be defined 

by unordered segments or vertices. In a convex polygon, 
every internal angle is less than 180 degrees, such that an 
order may be implied even if the collection of vertices or 
segments is unordered. Other polygons, such as concave 
polygons, may be defined by a collection of ordered vertices, 
segments, or a combination thereof. A concave polygon has at 
least one internal angle that is greater than 180 degrees, and 
the order of the vertices or segments may indicate which 
angle(s) are greater than 180 degrees. 
Once defined, polygons may be used to perform special 

ized operations on a dataset. For example, searches may be 
performed for particular data items that are inside of the 
polygon, for particular data items that are near the edge of the 
polygon, or for particular data items that are outside of the 
polygon. The specialized operations may be performed to 
determine, for each item in the dataset, whether or not the 
item is inside of the polygon, near the edge of the polygon, or 
outside of the polygon. As geometric shapes become more 
complex, with hundreds, thousands, or even millions or more 
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2 
Vertices, performing these specialized operations may con 
Sume large amounts of resources, in terms of processor 
cycles, memory, and, more generally, time. Even worse, per 
forming these specialized operations may not always be pos 
sible, regardless of how much time is consumed, in certain 
circumstances with given hardware and software resources. 
In one example, due to intense demands on the resources, 
hardware or software may fail before completing a special 
ized operation on a polygon with over 10,000 vertices. 
The approaches described in this section are approaches 

that could be pursued, but not necessarily approaches that 
have been previously conceived or pursued. Therefore, unless 
otherwise indicated, it should not be assumed that any of the 
approaches described in this section qualify as prior art 
merely by virtue of their inclusion in this section. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIG. 1 illustrates an example buffer simplification device 

for expanding a polygon and removing vertices. 
FIG. 2 illustrates an example buffer simplification device 

for reducing a polygon and removing vertices. 
FIG.3 illustrates an example buffer simplification process 

for expanding a polygon and removing vertices. 
FIG. 4 illustrates an example buffer simplification process 

for reducing a polygon and removing vertices. 
FIG. 5 illustrates an example computer system for per 

forming embodiments of the buffer simplification processes 
described herein. 

FIG. 6 illustrates a partial border of an example expanded 
simplified polygon based on an example complex polygon. 

FIG. 7A illustrates an example complex polygon. 
FIG. 7B illustrates an example radially symmetric poly 

gOn. 
FIG.7C illustrates a partial border of an example expanded 

polygon based on the example complex polygon and the 
example radially symmetric polygon. 

FIG. 8A illustrates a segment between A and B that is 
determined to be within a threshold distance of several other 
points of the example expanded polygon of FIG. 7. 

FIG. 8B illustrates a partial border of an expanded simpli 
fied polygon based on the example complex polygon and the 
example radially symmetric polygon of FIG. 7A and FIG.7B, 
respectively. 

DETAILED DESCRIPTION 

In the following description, for the purposes of explana 
tion, numerous specific details are set forth in order to provide 
a thorough understanding of the present invention. It will be 
apparent, however, that the present invention may be prac 
ticed without these specific details. In other instances, well 
known structures and devices are shown in block diagram 
form in order to avoid unnecessarily obscuring the present 
invention. 
General Overview 

Computer-implemented techniques are disclosed for 
expanding and simplifying a polygon. In one embodiment, 
one or more computing devices, such as programmed com 
puting devices or other special-purpose computing devices, 
include polygon expanding logic and vertex reducing logic. 
The polygon expanding logic receives information that rep 
resents a first polygon having a first set of Vertices. The 
polygon expanding logic determines a second polygon hav 
ing a second set of vertices, such that the second polygon 
encompasses the first polygon, by determining, for each ver 
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tex of the first set of vertices, a new set of vertices that are 
derived from the vertex and are at least a particular distance 
outside the first polygon. The vertex reducing logic deter 
mines, for an intermediate vertex of the second set of vertices, 
whether the intermediate vertex is within the particular dis 
tance of a proposed segment between two other vertices of the 
second set of vertices, even though the intermediate vertex is 
not on the proposed segment. The vertex reducing logic 
removes the intermediate vertex from the second set of ver 
tices in response to determining that the intermediate vertex is 
within the particular distance of the proposed segment. 

For purposes of illustrating clear examples, certain 
embodiments are described herein with reference to poly 
gons, but the disclosure is not limited to polygons and in other 
embodiments, the techniques herein may be used to simplify, 
display or map polytopes. 

FIG. 1 illustrates an example buffer simplification device. 
In an embodiment, a buffer simplification device comprises 
polygon expanding logic 104, Vertex reducing logic 108, 
intermediate vertex detecting logic 110, intermediate vertex 
removing logic 112, and simplification evaluation logic 116. 
The device 100 may further comprise a processor, memory, 
other storage, and input/output logic. Each logic element of 
FIG. 1 may be implemented in one or more computer pro 
grams, other software elements, or other digital electronic 
logic in a special-purpose computing device or general-pur 
pose computing device as described further herein with ref 
erence to FIG. 5. 

In an embodiment, polygon expanding logic 104 on buffer 
simplification device 100 receives a polygon object 102. 
Polygon expanding logic 104 generates an expanded polygon 
object 106 based on polygon object 102. Vertex reducing 
logic 108 receives expanded polygon object 106 and gener 
ates expanded and simplified polygon object 114. In particu 
lar, vertex reducing logic 108 detects intermediate vertices 
within expanded polygon object 106 using intermediate ver 
tex detecting logic 110. Intermediate vertices that are within 
a threshold distance of a proposed line between two other 
vertices are then removed from polygon object 106 using 
intermediate vertex removing logic 112. 

Expanded and simplified polygon object 114 is evaluated, 
by simplification evaluating logic 116, to determine whether 
simplified polygon object 114 is sufficiently simplified. If not, 
expanded and simplified polygon object 118 is inputted back 
into polygon expanding logic 104 for another iteration of 
polygon expansion and vertex reduction. Once expanded and 
simplified polygon object 114 is sufficiently simplified, sim 
plification evaluation logic 116 returns expanded and simpli 
fied polygon object 114 to a client process. 

FIG.3 illustrates an example process for expanding a poly 
gon and reducing the number of Vertices on the polygon. 

In step 302, a second polygon is derived from a first poly 
gon. The second polygon encompasses the first polygon by at 
least a buffer distance. In step 304, the process includes 
detecting that the second polygon includes at least one inter 
mediate vertex within the buffer distance of a segment 
between two other vertices of the second polygon. In 
response to detecting that the second polygon includes the at 
least one intermediate vertex, the at least one intermediate 
vertex is removed from the second polygon in step 306. The 
process further includes, in step 308, determining whether the 
second polygon has fewer than a specified number of vertices. 

If the second polygon does not have fewer than the speci 
fied number of vertices, then, as stated in step 310, steps 
302-308 are re-performed, replacing the first polygon with 
the second polygon that previously resulted from step 306. In 
other words, each iteration of steps 302-308 produces a new 
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4 
resulting polygon and determines whether the new resulting 
polygon is sufficiently simplified. If the resulting polygon is 
sufficiently simplified, then, in step 312, the resulting poly 
gon, or final second polygon, is used to approximate the 
original, first polygon. 

Computer-implemented techniques are also disclosed for 
reducing and simplifying a polygon. In one embodiment, one 
or more computing devices include polygon reducing logic 
and vertex reducing logic. The polygon reducing logic 
receives information that represents a first polygon having a 
first set of vertices. The polygon reducing logic determines a 
second polygon having a second set of vertices, such that the 
second polygon is encompassed by the first polygon, by 
determining, for each vertex of the first set of vertices, a new 
set of vertices that are derived from the vertex and are at least 
a particular distance inside the first polygon. Vertex reducing 
logic determines, for an intermediate vertex of the second set 
of vertices, whether the intermediate vertex is within the 
particular distance of a proposed segment between two other 
vertices of the second set of vertices, even though the inter 
mediate vertex is not on the proposed segment. The vertex 
reducing logic removes the intermediate vertex from the sec 
ond set of Vertices in response to determining that the inter 
mediate vertex is within the particular distance of the pro 
posed segment. 

FIG. 2 illustrates an example buffer simplification device. 
In an embodiment, buffer simplification device 200 com 
prises polygon reducing logic 204, Vertex reducing logic 208, 
intermediate vertex detection logic 210, intermediate vertex 
removal logic 212, and simplification evaluation logic 216. 
The device 200 may further comprise a processor, memory, 
other storage, and input/output logic. Each logic element of 
FIG. 2 may be implemented in one or more computer pro 
grams, other Software elements, or other digital electronic 
logic in a special-purpose computing device or general-pur 
pose computing device as described further herein with ref 
erence to FIG. 5. 

In an embodiment, reducing logic 204 on buffer simplifi 
cation device 200 receives a polygon object 202. Polygon 
reducing logic 204 generates a reduced polygon object 206 
based on polygon object 202. Vertex reducing logic 208 
receives reduced polygon object 206 and generates reduced 
and simplified polygon object 214. In particular, Vertex 
reducing logic 208 detects intermediate vertices within 
reduced polygon object 206 using intermediate vertex detect 
ing logic 210. Intermediate vertices that are within a threshold 
distance of a proposed line between two other vertices are 
then removed from polygon object 206 using intermediate 
Vertex removing logic 212. 

Reduced and simplified polygon object 214 is evaluated, 
by simplification evaluating logic 216, to determine whether 
simplified polygon object 214 is sufficiently simplified. If not, 
reduced and simplified polygon object 218 is inputted back 
into polygon expanding logic 204 for another iteration of 
polygon reduction and vertex reduction. Once reduced and 
simplified polygon object 214 is sufficiently simplified, sim 
plification evaluation logic 216 returns reduced and simpli 
fied polygon object 214 to a client process. 

FIG. 4 illustrates an example process for reducing the size 
of a polygon and reducing the number of Vertices on the 
polygon. 

In step 402, a second polygon is derived from a first poly 
gon. The second polygon is encompassed within the first 
polygon by at least a buffer distance. In step 404, the process 
includes detecting that the second polygon includes at least 
one intermediate vertex within the buffer distance of a seg 
ment between two other vertices of the second polygon. In 
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response to detecting that the second polygon includes the at 
least one intermediate vertex, the at least one intermediate 
vertex is removed from the second polygon in step 406. The 
process further includes, in step 408, determining whether the 
second polygon has fewer than a specified number of vertices. 

If the second polygon does not have fewer than the speci 
fied number of vertices, then, as stated in step 410, steps 
402-408 are re-performed, replacing the first polygon with 
the second polygon that previously resulted from step 406. In 
other words, each iteration of steps 402-408 produces a new 
resulting polygon and determines whether the new resulting 
polygon is sufficiently simplified. If the resulting polygon is 
Sufficiently simplified, then, in step 412, the resulting poly 
gon, or final second polygon, is used to approximate the 
original, first polygon. 

In one embodiment, the polygon expanding logic gener 
ates, for each particular vertex of an original set of Vertices, 
one or more new vertices that area fixed distance, greater than 
the particular distance used by the vertex reducing logic, 
away from the particular vertex. In the same or a different 
embodiment, the one or more new vertices include all those 
vertices, from a fixed number of possible vertices at fixed 
angles away from the particular vertex, that are at least the 
particular distance outside of a polygon defined by the origi 
nal set of vertices. In another embodiment, the one or more 
new vertices include all those vertices, from a fixed number of 
possible vertices at fixed angles away from the particular 
Vertex, that are at least a particular distance inside a polygon 
defined by the original set of vertices. 

In one embodiment, the vertex reducing logic further 
causes determining, for a plurality of intermediate vertices of 
the second set of vertices, whether the intermediate vertices 
are within the particular distance of segments between other 
vertices of the second set of vertices. The vertex reducing 
logic may remove a Subset of the plurality of intermediate 
Vertices in response to determining that intermediate vertices 
from the subset of the plurality of intermediate vertices are 
within the particular distance of segments between other ver 
tices of the second set of vertices. 

In one embodiment, the polygon expanding logic and Ver 
tex reducing logic recursively perform expanding a polygon 
and reducing a number of Vertices of the expanded polygon. 
Each step of the recursion may include determining a third 
polygon having a third set of vertices, wherein the third set of 
Vertices encompass a prior second polygon having a prior 
second set of vertices. Each step may also include, for one or 
more intermediate vertices of the third set of vertices, deter 
mining whether the intermediate vertex is within the particu 
lar distance of a second proposed segment between two other 
vertices of the third set of vertices. The vertex reducing logic 
may remove the intermediate vertex from the third set of 
Vertices in response to determining that the intermediate ver 
tex is within the particular distance of the second proposed 
segment between the two other vertices of the third set of 
vertices. 

Optionally, the recursive steps of determining the third 
polygon, determining whether the intermediate vertex is 
within the particular distance, and removing the intermediate 
Vertex may be repeated until a resulting polygon has fewer 
than a specified number of Vertices. In one example, the 
specified number of vertices is received as user input. The 
original polygon may be displayed before or after receiving 
the specified number as user input, and the resulting polygon 
may be determined and displayed in response to receiving the 
specified number as user input. 

In one embodiment, the polygon reducing logic and vertex 
reducing logic recursively perform reducing a polygon and 
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6 
reducing a number of Vertices of the reduced polygon. Each 
step of the recursion may include determining a third polygon 
having a third set of vertices, wherein the third set of vertices 
is encompassed by a prior second polygon having a prior 
second set of vertices. Each step may also include, for one or 
more intermediate vertices of the third set of vertices, deter 
mining whether the intermediate vertex is within the particu 
lar distance of a second proposed segment between two other 
vertices of the third set of vertices. The vertex reducing logic 
may remove the intermediate vertex from the third set of 
Vertices in response to determining that the intermediate ver 
tex is within the particular distance of the second proposed 
segment between the two other vertices of the third set of 
vertices. 

Optionally, the recursive steps of determining the third 
polygon, determining whether the intermediate vertex is 
within the particular distance, and removing the intermediate 
Vertex may be repeated until a resulting polygon has fewer 
than a specified number of Vertices. In one example, the 
specified number of vertices is received as user input. The 
original polygon may be displayed before or after receiving 
the specified number as user input, and the resulting polygon 
may be determined and displayed in response to receiving the 
specified number as user input. 

In one embodiment, a command is received for evaluation 
against an original polygon. Optionally, a resulting polygon 
may be determined, in response to receiving the command, by 
repeating the steps of determining the expanded or reduced 
polygon, determining whether the intermediate vertex is 
within the particular distance, and removing the intermediate 
Vertex. In another embodiment, the resulting polygon may be 
determined before the command is received. The resulting 
polygon may be stored in anticipation of receiving commands 
to be evaluated against the original polygon, or as a result of 
receiving the command or other commands that were evalu 
ated against the original polygon. In response to receiving the 
command, the command may be evaluated against the result 
ing polygon rather than the original polygon. 

In one example, the received command is a search or query 
for data items within the original polygon. Evaluating the 
command against the resulting polygon generates a resulting 
set of data items. If the resulting polygon is an expanded 
polygon, the resulting set of data items may include more data 
items than were in the original polygon. In one embodiment, 
evaluating the command includes determining that one or 
more data items in the resulting set of data items are outside 
of the original polygon and, in response, removing the one or 
more data items from the resulting set of data items. 

In one example, as a correction, the one or more data items 
are removed from the resulting set after all or part of the 
resulting set determined from the expanded polygon has been 
returned. In another example, the one or more data items are 
removed before returning the resulting set. 

In another example, the resulting polygon is a reduced 
polygon, and the resulting set of data items may include fewer 
data items than were in the original polygon. In one embodi 
ment, the process further includes determining that one or 
more data items are in the original polygon but not in the 
resulting polygon and, in response, adding the one or more 
data items to the resulting set of data items. In one example, 
the one or more data items may be added or appended to the 
resulting set after all or part of the resulting set determined 
from the reduced polygon has been returned. In another 
example, the one or more data items are removed before 
returning the resulting set. 

In one embodiment, the polygon expanding logic includes 
logic for performing a Minkowski addition expanding pro 
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cess on the particular vertex and a radially symmetric poly 
gon. In another embodiment, the polygon reducing logic 
includes logic for performing a Minkowski Subtraction 
reducing process on the particular vertex and a radially sym 
metric polygon. In one embodiment, the vertex reducing logic 
includes logic for performing a Ramer-Douglas-Peucker ver 
tex reducing process on the intermediate vertex and the two 
other vertices. 

In one embodiment, the original polygon is on a three 
dimensional Surface, and the particular distance used by the 
Vertex reducing logic is a distance along the three-dimen 
sional Surface. In another embodiment, the original polygon 
is on a plane, and the segment is a line segment. In one 
example, the original polygon is a projection, from a three 
dimensional Surface onto the plane, of another polygon on the 
three-dimensional Surface. In yet another embodiment, the 
original polygon is a face of an original polyhedron, and the 
simplified polygon is a corresponding face of a simplified 
polyhedron. 

In one embodiment, the polygon expansion or reduction 
logic and the vertex reduction logic operate on fewer than all 
of the vertices in the original polygon. In one example, the 
original polygon has a third set of Vertices in addition to the 
first set of vertices that are used by the polygon expansion or 
reduction logic and the vertex reduction logic. In this 
example, the step of determining the second polygon may be 
performed without determining, for any vertex in the third set 
of Vertices, a new set of Vertices that are at least a particular 
distance outside the first polygon. 

The vertex reduction processes described herein may result 
in generation of a new polygon with fewer direction-changing 
Vertices (i.e. vertices that join segments that meet at an angle 
greater than or less than 180 degrees) than an original poly 
gon. Processing the new polygon may use significantly fewer 
computer resources interms of processortime and memory. If 
the new polygon was expanded in size along with the vertex 
reduction, the new polygon may be generated to encompass 
the original polygon. If the new polygon was reduced in size 
along with the vertex reduction, the new polygon may be 
generated to be encompassed by the original polygon. 
The computer-implemented processes described herein 

may be implemented as one or more processes implemented 
by one or more special-purpose computing devices, as one or 
more non-transitory computer-readable storage media Stor 
ing instructions for causing one or more processes, or as one 
or more special-purpose computing devices configured to 
perform and/or performing the one or more processes. The 
computer-implemented techniques may also be implemented 
as any other statutory process, machine, or article of manu 
facture. 
Polygon Expansion 

In one embodiment, the polygon expanding logic receives 
information that represents an original polygon having a set 
of original vertices. The polygon expanding logic determines 
an expanded polygon having a set of expanded vertices, such 
that the expanded polygon encompasses the original polygon, 
by determining, for each original vertex of the set of original 
vertices, a set of expanded vertices that are derived from the 
original vertex and are at least aparticular distance outside the 
original polygon. The set of expanded vertices may be deter 
mined by creating new vertices around each of the original 
Vertices in the original polygon. New Vertices that are inside 
the original polygon and optionally new vertices that are 
within a particular distance of the border of the original poly 
gon may be excluded or removed from the set of expanded 
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Vertices, leaving only those new vertices that are outside the 
original polygon, optionally at least the particular distance 
outside the original polygon. 

In one embodiment, a new set of vertices is created around 
a given vertex of the original polygon by creating new vertices 
at a specified distance away from the given vertex. The speci 
fied distance may be, for example, greater than the particular 
distance that is used for determining which new vertices are 
excluded or removed from the set of expanded vertices. For 
example, new vertices may be created at a distance, r, from the 
given vertex. In a particular example, a new vertex may be 
included in the set of expanded vertices only if the new vertex 
is greater than or equal to a distance, d, from the original 
polygon. Alternately, a new vertex may initially be included 
in the set but may be removed if the new vertex is not greater 
than or equal to a distance, d, from the original polygon. 

In a particular example, Suppose that a given vertex, Vo, lies 
in the middle of a flat portion of the surface of the original 
polygon, connecting two line segment portions of the original 
polygon at an angle of 180 degrees. If three new vertices, V. 
V, and V, are created at angles 0–45 degrees, 0-90 
degrees, and 0-135 degrees with respect to the surface of the 
original polygon, at a distance, r, from the given vertex, then 
the distances of the new vertices from the surface of the 
original polygon will be risin(0), or disr0.71, disr, and 
disr0.71. New vertices may be excluded from the set of 
expanded vertices if they are not at least a threshold distance 
outside of the Surface of the original polygon. For example, 
the threshold distance may be greater than or equal to r0.71 
(i.e., r*(sq.rt.2)/2)), in which case vertices V and Vs would be 
excluded from the set of expanded vertices, leaving only V, at 
a distance r from vo, and at an angle of 90 degrees from the 
Surface of the original polygon. In another example, if the 
threshold distance is less than r().71, then vertices V, V, and 
V would all be kept as part of the set of expanded vertices for 
an expanded polygon. 

In one embodiment, the new set of vertices is created using 
new vertices at the same specified angles for all original 
Vertices in the original polygon. In a particular embodiment, 
the new set of vertices is created using Minkowski addition on 
the original polygon and an expansion polygon. The expan 
sion polygon includes a set of expansion vertices and an 
origin. Using Minkowski addition, the original polygon may 
be expanded by copying the expansion polygon to the original 
Vertices of the original polygon Such that the origin or center 
of each copy of the expansion polygon is located at the origi 
nal vertex. A set of expanded points may be determined by 
selecting those points of the various copies of the expansion 
polygons that are outside of the original polygon, or, option 
ally, at least a threshold distance outside of the original poly 
gon. The set of expansion points may also be determined as 
the outermost points from the copied expansion polygons. 
One example illustration of applying Minkowski addition 

to expand an original polygon is provided in the sequence of 
FIG. 7A, FIG. 7B, and FIG.7C. 

FIG. 7A shows an example border of a complex polygon 
700. The example six-sided polygon is labeled as “complex' 
for illustration purposes as a clear and Succinct example of an 
expansion and simplification process. In practice, polygons 
may be extremely complex, including hundreds, thousands, 
or even a million or more sides. The expansion and simplifi 
cation processes of various embodiments also may be applied 
to the more complex polygons, resulting in a magnitude of 
simplification of 10x. 100x, 1000x, or even more. In a par 
ticular example, the original polygon may be based on actual 
measurements of physical places or things, such as state, 
county, personal property, land, bodies of water, or other 
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regional boundaries. Such measured polygons may be as 
complex or as high-resolution as the measurements allow. 

FIG. 7B shows an example expansion polygon, in particu 
lar an example radially symmetric polygon 701. As shown, 
the radially symmetric polygon includes vertices that are 5 
evenly spaced around a perimeter of the polygon 701, and 
equidistant from the center of the polygon 701. Example 
expansion polygon 701 has 8 vertices and an origin at the 
center of the expansion polygon, but other expansion poly 
gons may have different numbers of Vertices. Copying radi 
ally symmetric polygon 701 to each of the vertices along the 
border of complex polygon 700 causes the border of complex 
polygon 700 to be expanded relatively equally in each direc 
tion with substantially rounded corners. 

FIG. 7C shows an example partial border of an expanded 
polygon 702 that is determined by connecting the outer points 
of the copied expansion polygon 701. As shown, partial bor 
der 702 highly resembles original border 700, except that 
sharp corners have been rounded by the Minkowski addition 
of polygon 701 to the border of complex polygon 700. 

FIG. 6 shows an example partial border of a highly com 
plex polygon 601, which may be expanded and reduced or 
simplified to the partial border of simplified polygon 602 in 
the same manner as described with reference to FIG. 7A, FIG. 
7B, and FIG. 7C. In particular, partial border 602 may be 
created by using Minkowski addition on an expansion poly 
gon and partial border of highly complex polygon 601. 

In various other embodiments, polygon expansion may be 
accomplished using other processes, such as by linearly 
growing or Scaling the polygon, on a vertex-by-vertex basis, 
a side-by-side basis, or with respect to the polygonas a whole; 
or by expanding only those vertices that connect two line 
segments that are not co-linear. Regardless of the expansion 
technique used, the expanded polygon may be described as a 
polygon that encompasses or includes the original polygon, 
and may also include additional area(s) or region(s) that were 
not covered by the original polygon. In other words, the 
expanded polygon includes the original polygon and has a 
greater area than the original polygon. 
Vertex Reduction 

In one embodiment, the vertex reducing logic determines, 
for an intermediate vertex of the set of expanded vertices, 
whether the intermediate vertex is withina threshold distance 
of a proposed segment between two other vertices of the set of 
expanded vertices, even if the intermediate vertex is not on the 45 
proposed segment. The vertex reducing logic removes the 
intermediate vertex from the set of expanded vertices in 
response to determining that the intermediate vertex is within 
the threshold distance of the proposed segment. 

In one embodiment, if each expanded vertex in the set of 50 
expanded vertices is at least a particular distance outside of 
the original polygon, then any expanded vertex that is within 
the particular distance of a line between two other adjacent 
expanded vertices can be removed without reducing the bor 
der of the expanded polygon beyond the border of the original 55 
polygon. Also, multiple expanded vertices may be removed 
between two other non-adjacent expanded vertices if all of the 
multiple expanded vertices are within the particular distance 
of a line between the two other non-adjacent expanded verti 
ces. Additionally, any expanded vertex that is on the line 60 
between two other adjacent vertices can be removed without 
expanding or reducing the border of the expanded polygon. 

In one embodiment, a Raymer-Douglas-Peucker process is 
used to test each expanded vertex of the expanded polygon to 
determine whether the expanded vertex is an intermediate 65 
vertex that can be removed without reducing the expanded 
polygon beyond the boundary of the original polygon. In one 
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example, a given vertex is considered an intermediate vertex 
that can be removed if a proposed line could be drawn 
between two other vertices such that the given vertex lies 
within a specified distance of the line. In one embodiment, the 
threshold distance is the buffer distance that was used by the 
polygon expanding logic to expand the original polygon. The 
two other vertices may be vertices that neighbor the given 
Vertex. In various examples, multiple given vertices may be 
determined to be removable intermediate vertices if the mul 
tiple given vertices all lie within the specified distance of a 
line between two other vertices. 

In one embodiment, the Raymer-Douglas-Peucker process 
selects a starting vertex on the expanded polygon and deter 
mines whether the starting vertex is a removable intermediate 
Vertex between a first neighboring vertex and a second neigh 
boring vertex. If the starting vertex is an intermediate vertex, 
the Raymer-Douglas-Peucker process determines whether 
the second neighboring vertex is a removable intermediate 
vertex between the first vertex and a third neighboring vertex. 
The set of removable intermediate vertices may continue to 
be expanded until a particular vertex is determined to be 
greater than the threshold distance away from a line between 
the first vertex and a next vertex. The process continues after 
the particular vertex to determine whether there are any 
removable intermediate vertices between the particular ver 
tex and another vertex. The process may continue around the 
border of the expanded polygon until the process reaches the 
first vertex. 

Invarious embodiment, the Raymer-Douglas-Peucker pro 
cess may utilize different techniques for selecting starting 
vertices and next vertices to test for removable intermediacy. 
For example, the process may initially presume that all ver 
tices between two given vertices are removable intermediate 
Vertices unless any of those vertices is found to be greater than 
the threshold distance from a line between the two given 
Vertices. The process may also skip vertices when attempting 
to locate non-removable vertices. For example, a proposed 
line may be drawn between every tenth or hundredth vertex to 
determine whether any of the vertices between the end verti 
ces are greater than the threshold distance from the proposed 
line between the end vertices. The intermediate vertices that 
are greater than the threshold distance may be marked as 
non-removable vertices for a given iteration. Non-removable 
Vertices may be expanded in later iterations into correspond 
ing vertices that become removable. 

In a particular example, a partial border of an original 
polygon is expanded into a partial border that includes three 
consecutive vertices, A, B, and C, each of which are at least a 
particular distance outside of the original polygon. If vertex B 
is within the particular distance of a line between vertices A 
and C, then vertex B may be removed from the expanded 
partial border, and, as a result, the expanded polygon 
described in part by the expanded partial border still encom 
passes the original polygon. 
A resulting polygon may be generated by expanding the 

original polygon and reducing the number of vertices on the 
expanded polygon. The resulting polygon may be used, recur 
sively, as an original polygon for another iteration of expan 
sion and reduction, and eachiteration of expansion and reduc 
tion may generate a further simplified resulting polygon. The 
original polygon may be roughly described, or estimated, 
using a resulting polygon from a first or later iteration of 
expansion and reduction, and the resulting polygon is known 
to encompass the original polygon even though the resulting 
polygon may have considerably fewer vertices than the origi 
nal polygon. 
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FIG. 8A and FIG. 8B illustrate an example of reducing a 
number of vertices for an expanded polygon. As shown, par 
tial border of expanded polygon 702 includes vertices A, B, 
and C. The process includes determining a proposed line 803 
between vertex A and vertex C on partial border of expanded 
polygon 702. 
The process further includes determining whether vertex 

B, which lies between vertex A and vertex Con partial border 
702, is within a threshold distance 804 of proposed line 803. 
If vertex B is within the threshold distance, as shown, then 
vertex B may be removed to generate a partial border of an 
expanded and simplified polygon 805, as shown in FIG. 8B. 
The process may continue around the border of complex 
polygon 700 to simplify the polygon Such that the polygon 
has fewer vertices and fewer sides. A resulting expanded and 
simplified polygon may be a good estimate of the original 
polygon and may also be easier to store and process than the 
original polygon. 
Polygon Reduction and Vertex Reduction 
As described under the headings Polygon Expansion and 

Vertex Reduction, a polygon may be expanded, and the num 
ber of Vertices in the polygon may be reduced to generate a 
simplified expanded polygon that encompasses an original 
polygon. Similarly, a polygon may be reduced, and the num 
ber of Vertices in the polygon may be reduced to generate a 
simplified reduced polygon that is encompassed by the origi 
nal polygon. 

In one embodiment, the polygon reducing logic receives 
information that represents an original polygon having a set 
of original vertices. The polygon reducing logic determines a 
reduced polygon having a set of reduced vertices, such that 
the reduced polygon is encompassed within the original poly 
gon, by determining, for each original vertex of the set of 
original vertices, a set of reduced vertices that are derived 
from the original vertex and are at least a particular distance 
inside the original polygon. The set of reduced vertices may 
be determined by creating new vertices around each of the 
original vertices in the original polygon. New Vertices that are 
outside the original polygon and optionally new vertices that 
are within a particular distance of the border of the original 
polygon may be excluded or removed from the set of reduced 
Vertices, leaving only those new vertices that are inside the 
original polygon, optionally at least the particular distance 
inside the original polygon. 

In one embodiment, a new set of vertices is created around 
a given vertex of the original polygon by creating new vertices 
at a specified distance away from the given vertex. The speci 
fied distance may be, for example, greater than the particular 
distance that is used for determining which new vertices are 
excluded or removed from the set of reduced vertices. For 
example, new vertices may be created at a distance, r, from the 
given vertex. In a particular example, a new vertex may be 
included in the set of reduced vertices only if the new vertex 
is inside the original polygon and greater than or equal to a 
distance, d, from the border of the original polygon. Alter 
nately, a new vertex may initially be included in the set but 
may be removed if the new vertex is not inside the original 
polygon and greater than or equal to a distance, d, from the 
border of the original polygon. 

In a particular example, Suppose that a given vertex, V, lies 
in the middle of a flat portion of the surface of the original 
polygon, connecting two line segment portions of the original 
polygon at an angle of 180 degrees. If three new vertices, V. 
V, and Vs are created at angles 0–45 degrees, 290 
degrees, and 0-135 degrees with respect to the surface of the 
original polygon, at a distance, r, from the given vertex, then 
the distances of the new vertices from the surface of the 
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12 
original polygon will be risin(0), or disr0.71, disr, and 
disr0.71. New vertices may be excluded from the set of 
reduced vertices if they are not at least a threshold distance 
inside of the Surface of the original polygon. For example, the 
threshold distance may be greater than or equal to r0.71 (i.e., 
r(sq.rt. 2)/2)), in which case vertices V and Vs would be 
excluded from the set of reduced vertices, leaving only V, at 
a distance r from Vo, and at an angle of 90 degrees from the 
Surface of the original polygon. In another example, if the 
threshold distance is less than r().71, then vertices V, V, and 
V would all be kept as part of the set of reduced vertices for 
a reduced polygon. 

In one embodiment, the new set of vertices is created using 
new vertices at the same specified angles for all original 
Vertices in the original polygon. In a particular embodiment, 
the new set of vertices is created using Minkowski subtraction 
on the original polygon and a reduction polygon. The reduc 
tion polygon includes a set of reduction vertices and an origin. 
Using Minkowski Subtraction, the original polygon may be 
reduced by copying the reduction polygon to the original 
Vertices of the original polygon Such that the origin or center 
of each copy of the reduction polygon is located at the original 
vertex. A set of reduction points may be determined by select 
ing those points of the various copies of the reduction poly 
gons that are inside of the original polygon, or, optionally, at 
least a threshold distance inside of the original polygon. The 
set of reduction points may also be determined as the inner 
most points from the reduction polygons. 

In various other embodiments, polygon reduction may be 
accomplished using other processes, such as by linearly 
shrinking or Scaling the polygon, on a vertex-by-vertex basis, 
a side-by-side basis, or with respect to the polygon as a whole; 
or by reducing only those vertices that connect two line seg 
ments that are not co-linear. Regardless of the reduction tech 
nique used, the reduced polygon may be described as a poly 
gon that is encompassed by or included within the original 
polygon, and the original polygon may also include addi 
tional area(s) or region(s) that are not covered by the reduced 
polygon. In other words, the reduced polygon is included 
within the original polygon and has a smaller area than the 
original polygon. 

Polygon reduction may be followed by vertex reduction in 
the same manner that polygon expansion may be followed by 
vertex reduction. The vertex reduction logic receives an 
expanded or reduced polygon object and eliminates remov 
able intermediate vertices to generate an expanded or reduced 
simplified polygon object. After vertex reduction, the 
expanded or reduced simplified polygon object may have 
significantly fewer vertices than the original polygon object. 
Vertex Reduction Before or During Polygon Expansion or 
Reduction 

In one embodiment, vertex reduction is performed prior to 
polygon expansion or reduction. The original polygon, or a 
resulting polygon from a prior iteration of Vertex reduction 
and polygon expansion, may be used as the input to the vertex 
reducing logic. The vertex reducing determines, for an inter 
mediate vertex of a set of input vertices, whether the interme 
diate vertex is within a threshold distance of a proposed 
segment between two other vertices of the set of input verti 
ces, even if the intermediate vertex is not on the proposed 
segment. The vertex reducing logic removes the intermediate 
vertex from the set of input vertices in response to determin 
ing that the intermediate vertex is within the threshold dis 
tance of the proposed segment. During each iteration of Ver 
tex reduction and polygon expansion or reduction, Vertex 
reduction may be performed before, after, or even in parallel 
with polygon expansion or reduction. If performed in paral 
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lel, a set of removable intermediate vertices may be identified 
from the original polygon as inputted into the vertex reduc 
tion logic. Once identified, vertices in the expanded or 
reduced polygon that correspond to the removable interme 
diate vertices may be removed. 
Polygon Simplification on a Three-Dimensional Surface 

In one embodiment, polygon simplification is performed 
on a polygon that is defined on a three-dimensional Surface. 
For example, polygon expanding or reducing logic may 
receive information that represents a first polygon having a 
first set of vertices that may or may not be co-planar. The 
polygon expanding or reducing logic may also receive infor 
mation about a three-dimensional Surface on which the poly 
gon lies. Alternately, the polygon expanding or reducing logic 
may be specially configured to handle polygons that lie on 
particular Surfaces. For example, the polygon expanding or 
reducing logic may expect to receive coordinates for poly 
gons that lie on the Surface of a globe. In a particular example, 
the coordinates define boundaries for regions on the globe. 

The polygon expanding or reducing logic determines a 
second polygon having a second set of vertices, such that the 
second polygon encompasses or is encompassed by the first 
polygon on the three-dimensional Surface. For example, the 
polygon expanding or reducing logic may determine, for each 
vertex of the first set of vertices, a new set of vertices that are 
derived from the vertex and are at least a particular distance 
inside or outside the first polygon on the three-dimensional 
Surface. The vertex reducing logic determines, for an inter 
mediate vertex of the second set of vertices, whether the 
intermediate vertex is within the particular distance of a pro 
posed segment along the three-dimensional Surface between 
two other vertices of the second set of vertices, even though 
the intermediate vertex is not on the proposed segment. For 
example, the proposed segment may be a proposed arc seg 
ment for a polygon that spans along the Surface of a globe. 
The vertex reducing logic removes the intermediate vertex 
from the second set of vertices in response to determining that 
the intermediate vertex is within the particular distance of the 
proposed segment along the three-dimensional Surface. 

In another embodiment, the input polygon may be formed 
by taking a projection of a three-dimensional Surface onto a 
plane. Simplification and expansion or reduction may be per 
formed on the projected polygon to generate a resulting sim 
plified polygon in the plane. In one embodiment, the resulting 
simplified polygon in the plane is mapped back onto the 
three-dimensional Surface. 

In yet another embodiment, the input polygon for expan 
sion or reduction may be a face of a polyhedron. The faces of 
the polyhedron may be expanded, simplified, and joined 
together to produce an expanded and simplified polyhedron 
that encompasses the original polyhedron, or reduced, sim 
plified, and joined together to produce a reduced polyhedron 
that is encompassed by the original polyhedron. 
Storing the Expanded or Reduced Simplified Polygon 
Once the original polygon has been simplified into an 

expanded or reduced simplified polygon, the simplified poly 
gon may be returned to a running process and/or may be 
stored on a computer-readable medium. The simplified poly 
gon may be stored alternatively or in addition to the original 
polygon. In one embodiment, a simplified polygon is stored 
in association with each of a plurality of complex polygons, 
optionally before any requests have been made with respect to 
the complex polygons. For example, each of a plurality of 
regions on a globe may be associated with a simplified poly 
gon. In another embodiment, the simplified polygon may be 
computed on the fly in response to requests that are made with 
respect to a corresponding complex polygon. 
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Whenever a computation is performed with respect to any 

of the complex regions, the simplified form of the region may 
be utilized for the computation. Also, the simplified region 
may be utilized to visualize or display lower resolution or 
lower quality representations of the region. For example, a 
simplified version of the region may be utilized when repre 
senting the region while Zoomed out on a globe or larger area, 
and a complex version of the region may be utilized when 
representing the region while Zoomed into the region, or 
when the region consumes over a threshold amount of view 
able space. Storing and using simplified versions of the 
regions may result in faster processing of visualizations, 
faster computations with respect to items inside or outside of 
the regions, and utilization offewer computational resources, 
Such as memory and/or processor cycles, to perform visual 
ization operations or search operations on the regions. 

In one embodiment, a complex polygon object is discarded 
after computation of a corresponding simplified polygon 
object. The simplified polygon object may require less space 
to store on disk and may be sufficient in a particular imple 
mentation. In one embodiment, a complex polygon or sim 
plified polygon may be divided up into different regions or 
slices, and the different regions or slices may be stored sepa 
rately on disk. In one example, separate groups of regions or 
slices may be stored on separate groups of disks and/or main 
tained on separate groups of machines. In a particular 
example, a client may issue a request that corresponds to a 
particular group of regions. The request may be forwarded to 
a corresponding group of disks or machines that stores infor 
mation for the particular group of regions. The information is 
retrieved and processed by the corresponding group of disks 
or machines before a result is provided to the client. 

In one embodiment, a simplified or complex polygon with 
an even number of vertices, n, may be partitioned into (n/2)+1 
regions by drawing a line between every other vertex. A 
simplified or complex polygon with an odd number of Verti 
ces, n, may be partitioned by adding a midpoint to the longest 
segment and drawing a line between every other vertex, 
resulting in (n+1)/2 regions. Polygons may also be partitioned 
into slices by drawing a line between the vertices and a center 
of the polygon. In one embodiment, a complex polygon is 
partitioned based on the regions identified from a simplified 
polygon that corresponds to the complex polygon. In one 
embodiment, different groups of computing devices are used 
to process requests for different groups of partitioned regions. 
Searching the Expanded or Reduced Simplified Polygon 

In one embodiment, a request is received to search for data 
items that are inside or outside an original polygon. For 
example, the data items may represent people, buildings, 
organizations, vehicles, or mobile devices, and the request 
may be for data items with particular characteristics that are 
currently within a particular governmental region, have 
recently been within the particular governmental region, have 
been within the particular governmental region within a par 
ticular period of time, or have ever been within the particular 
governmental region. An expanded simplified polygon may 
be used to determine a set of preliminary results that includes 
the data items that satisfy the request. The expanded simpli 
fied polygon may be generated in response to the request, may 
be cached from a previous request, or may be stored in asso 
ciation with the region whether or not requests have been 
received. The expanded simplified polygon is bigger than the 
original polygon and may also include additional results that 
do not satisfy the request. In one embodiment, request pro 
cessing logic removes, from the preliminary results, items 
that, although they were in the expanded simplified polygon, 
are not within the original polygon. In one embodiment, the 
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items to be removed from the set of preliminary results are 
flagged for removal. In one example, the set of preliminary 
results is returned in response to the request, and the set of 
preliminary results is corrected by an update that removes the 
items that were inside the expanded simplified polygon but 
not inside the original polygon. In another example, the 
results are not returned until after correction. 

In another example, the request may be for data items with 
particular characteristics that are currently outside a particu 
lar governmental region, have recently been outside the par 
ticular governmental region, have been outside the particular 
governmental region within a particular period of time, or 
have ever been outside the particular governmental region. A 
reduced simplified polygon may be used to determine a set of 
preliminary results that includes the data items that satisfy the 
request. The reduced simplified polygon may be generated in 
response to the request, may be cached from a previous 
request, or may be stored in association with the region 
whether or not requests have been received. The reduced 
simplified polygon is Smaller than the original polygon, and 
searching for items outside of the reduced simplified polygon 
may provide additional results that do not satisfy the request. 
In one embodiment, request processing logic removes, from 
the preliminary results, items that, although they were outside 
of the reduced simplified polygon, are not outside the original 
polygon. In one embodiment, the items to be removed from 
the set of preliminary results are flagged for removal. In one 
example, the set of preliminary results is returned in response 
to the request, and corrected by an update that removes the 
items that were outside the reduced simplified polygon but 
not outside the original polygon. In another example, the 
results are not returned until after correction. 

In one embodiment, a search pertains to results that are on 
or within a specified distance of a boundary of an original 
polygon. In one example, the search may be evaluated by 
determining all items that are between the simplified reduced 
polygon and the simplified expanded polygon. If the simpli 
fied polygons are generated on the fly, the simplified polygons 
may be generated in sequence or in parallel before searching 
for data items that are between the simplified polygons. If the 
search is for items that are on or within a specified distance of 
the boundary of the original polygon, a set of preliminary 
results between the simplified polygons may be updated to 
remove items that are not on or within the specified distance 
of the boundary of the original polygon. In one example, the 
simplified polygons are created to be expanded or reduced by 
at least a minimum buffer distance, and the space between the 
expanded and reduced polygons encloses an area that 
includes all points that are less than the minimum buffer 
distance from the boundary. 

In one embodiment, regions with holes may be defined by 
multiple polygons, each of which may be simplified. For 
example, a region with a hole may be defined as a region 
between an outer polygon and an inner polygon. A search for 
items within a region that has a hole may be performed by 
searching for all of the items within the space between an 
expanded simplified version of the outer polygon and a 
reduced simplified version of the inner polygon. The results 
may be updated to remove items that are not within the 
original region. If a polygon is divided into pieces or slices, in 
one embodiment, search operations are processed with 
respect to each slice or piece separately and then combined to 
form a result set. 
Updating the Simplified Polygons 

If a simplified polygon is stored persistently for use in 
multiple computations, the simplified polygon may become 
stale as a result of a change to the original polygon. In one 
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embodiment, simplified versions of an original polygon may 
be periodically re-calculated to accommodate for changes to 
the original polygon. In another embodiment, simplified ver 
sion of an original polygon may be re-calculated in response 
to any change in the original polygon, or in response to any 
change that crosses or could cross the boundary of the sim 
plified polygon. In yet another embodiment, simplified poly 
gons are discarded when the simplified polygons become 
stale due to a change. The simplified polygons may be re 
computed on an as-needed basis if further processing is 
required on the corresponding original polygons. 
Hardware Overview 

According to one embodiment, the techniques described 
herein are implemented by one or more special-purpose com 
puting devices. The special-purpose computing devices may 
be hard-wired to perform the techniques, or may include 
digital electronic devices such as one or more application 
specific integrated circuits (ASICs) or field programmable 
gate arrays (FPGAs) that are persistently programmed to 
perform the techniques, or may include one or more general 
purpose hardware processors programmed to perform the 
techniques pursuant to program instructions in firmware, 
memory, other storage, or a combination. Such special-pur 
pose computing devices may also combine custom hard 
wired logic, ASICs, or FPGAs with custom programming to 
accomplish the techniques. The special-purpose computing 
devices may be desktop computer systems, portable com 
puter systems, handheld devices, networking devices or any 
other device that incorporates hard-wired and/or program 
logic to implement the techniques. 

For example, FIG. 5 is a block diagram that illustrates a 
computer system 500 upon which an embodiment of the 
invention may be implemented. Computer system 500 
includes a bus 502 or other communication mechanism for 
communicating information, and a hardware processor 504 
coupled with bus 502 for processing information. Hardware 
processor 504 may be, for example, a general purpose micro 
processor. 
Computer system 500 also includes a main memory 506, 

Such as a random access memory (RAM) or other dynamic 
storage device, coupled to bus 502 for storing information and 
instructions to be executed by processor 504. Main memory 
506 also may be used for storing temporary variables or other 
intermediate information during execution of instructions to 
be executed by processor 504. Such instructions, when stored 
in non-transitory storage media accessible to processor 504, 
render computer system 500 into a special-purpose machine 
that is customized to perform the operations specified in the 
instructions. 
Computer system 500 further includes a read only memory 

(ROM) 508 or other static storage device coupled to bus 502 
for storing static information and instructions for processor 
504. A storage device 510, such as a magnetic disk or optical 
disk, is provided and coupled to bus 502 for storing informa 
tion and instructions. 
Computer system 500 may be coupled via bus 502 to a 

display 512, such as a cathode ray tube (CRT), for displaying 
information to a computer user. An input device 514, includ 
ing alphanumeric and other keys, is coupled to bus 502 for 
communicating information and command selections to pro 
cessor 504. Another type of user input device is cursor control 
516, such as a mouse, a trackball, or cursor direction keys for 
communicating direction information and command selec 
tions to processor 504 and for controlling cursor movement 
on display 512. This input device typically has two degrees of 
freedom in two axes, a first axis (e.g., X) and a second axis 
(e.g., y), that allows the device to specify positions in a plane. 
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Computer system 500 may implement the techniques 
described herein using customized hard-wired logic, one or 
more ASICs or FPGAs, firmware and/or program logic which 
in combination with the computer system causes or programs 
computer system 500 to be a special-purpose machine. 
According to one embodiment, the techniques herein are 
performed by computer system 500 in response to processor 
504 executing one or more sequences of one or more instruc 
tions contained in main memory 506. Such instructions may 
be read into main memory 506 from another storage medium, 
such as storage device 510. Execution of the sequences of 
instructions contained in main memory 506 causes processor 
504 to perform the process steps described herein. In alterna 
tive embodiments, hard-wired circuitry may be used in place 
of or in combination with software instructions. 
The term “storage media' as used herein refers to any 

non-transitory media that store data and/or instructions that 
cause a machine to operation in a specific fashion. Such 
storage media may comprise non-volatile media and/or Vola 
tile media. Non-volatile media includes, for example, optical 
or magnetic disks, such as storage device 510. Volatile media 
includes dynamic memory. Such as main memory 506. Com 
mon forms of storage media include, for example, a floppy 
disk, a flexible disk, hard disk, Solid state drive, magnetic 
tape, or any other magnetic data storage medium, a CD-ROM, 
any other optical data storage medium, any physical medium 
with patterns of holes, a RAM, a PROM, and EPROM, a 
FLASH-EPROM, NVRAM, any other memory chip or car 
tridge. 

Storage media is distinct from but may be used in conjunc 
tion with transmission media. Transmission media partici 
pates in transferring information between storage media. For 
example, transmission media includes coaxial cables, copper 
wire and fiber optics, including the wires that comprise bus 
502. Transmission media can also take the form of acoustic or 
light waves, such as those generated during radio-wave and 
infra-red data communications. 

Various forms of media may be involved in carrying one or 
more sequences of one or more instructions to processor 504 
for execution. For example, the instructions may initially be 
carried on a magnetic disk or Solid state drive of a remote 
computer. The remote computer can load the instructions into 
its dynamic memory and send the instructions over a tele 
phone line using a modem. A modem local to computer 
system 500 can receive the data on the telephone line and use 
an infra-red transmitter to convert the data to an infra-red 
signal. An infra-red detector can receive the data carried in the 
infra-red signal and appropriate circuitry can place the data 
on bus 502. Bus 502 carries the data to main memory 506, 
from which processor 504 retrieves and executes the instruc 
tions. The instructions received by main memory 506 may 
optionally be stored on storage device 510 either before or 
after execution by processor 504. 

Computer system 500 also includes a communication 
interface 518 coupled to bus 502. Communication interface 
518 provides a two-way data communication coupling to a 
network link 520 that is connected to a local network522. For 
example, communication interface 518 may be an integrated 
services digital network (ISDN) card, cable modem, satellite 
modem, or a modem to provide a data communication con 
nection to a corresponding type of telephone line. As another 
example, communication interface 518 may be a local area 
network (LAN) card to provide a data communication con 
nection to a compatible LAN. Wireless links may also be 
implemented. In any such implementation, communication 
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interface 518 sends and receives electrical, electromagnetic 
or optical signals that carry digital data streams representing 
various types of information. 
Network link 520 typically provides data communication 

through one or more networks to other data devices. For 
example, network link 520 may provide a connection through 
local network 522 to a host computer 524 or to data equip 
ment operated by an Internet Service Provider (ISP) 526. ISP 
526 in turn provides data communication services through the 
world wide packet data communication network now com 
monly referred to as the “Internet” 528. Local network 522 
and Internet 528 both use electrical, electromagnetic or opti 
cal signals that carry digital data streams. The signals through 
the various networks and the signals on network link 520 and 
through communication interface 518, which carry the digital 
data to and from computer system 500, are example forms of 
transmission media. 
Computer system 500 can send messages and receive data, 

including program code, through the network(s), network 
link 520 and communication interface 518. In the Internet 
example, a server 530 might transmit a requested code for an 
application program through Internet 528, ISP 526, local 
network 522 and communication interface 518. 
The received code may be executed by processor 504 as it 

is received, and/or stored in storage device 510, or other 
non-volatile storage for later execution. 

In the foregoing specification, embodiments of the inven 
tion have been described with reference to numerous specific 
details that may vary from implementation to implementa 
tion. The specification and drawings are, accordingly, to be 
regarded in an illustrative rather than a restrictive sense. The 
sole and exclusive indicator of the scope of the invention, and 
what is intended by the applicants to be the scope of the 
invention, is the literal and equivalent scope of the set of 
claims that issue from this application, in the specific form in 
which such claims issue, including any Subsequent correc 
tion. 

What is claimed is: 
1. A process comprising: 
receiving, by one or more computing devices, first data 

representing a first polygon having a first set of vertices; 
generating a resulting polygon at least in part by: 

using polygon reducing logic of the one or more com 
puting devices, causing determining a second poly 
gon having a second set of Vertices, such that the 
second polygon is encompassed by the first polygon, 
by determining, for each particular vertex in the first 
set of vertices, one or more new vertices that are 
determined from that particular vertex and are at least 
a particular distance inside the first polygon; 

using vertex reducing logic of the one or more comput 
ing devices, causing determining, for an intermediate 
vertex of the second set of vertices, whether the inter 
mediate vertex is within the particular distance of a 
proposed segment between two other vertices of the 
second set of vertices, wherein the intermediate ver 
tex is not on the proposed segment; 

using the vertex reducing logic, causing removing the 
intermediate vertex from the second set of vertices in 
response to determining that the intermediate vertex 
is within the particular distance of the proposed seg 
ment, 

on one or more non-transitory computer-readable storage 
media, storing the resulting polygon in association with 
the first polygon, wherein the resulting polygon has 
fewer vertices than the first polygon. 
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2. The process of claim 1, wherein the one or more new 
Vertices are a fixed distance away from the particular vertex, 
wherein the fixed distance is greater than the particular dis 
tance. 

3. The process of claim 1, wherein the one or more new 
vertices include all those vertices, from a fixed number of 
possible vertices at fixed angles away from the particular 
Vertex, that are inside the first polygon by at least the particu 
lar distance. 

4. The process of claim 1, further comprising: 
using the vertex reducing logic, causing determining, for a 

plurality of intermediate vertices of the second set of 
vertices, whether the intermediate vertices are within the 
particular distance of segments between other vertices 
of the second set of vertices; 

using the vertex reducing logic, causing removing a Subset 
of the plurality of intermediate vertices in response to 
determining that intermediate vertices from the subset of 
the plurality of intermediate vertices are within the par 
ticular distance of segments between other vertices of 
the second set of vertices. 

5. The process of claim 1, wherein the proposed segment is 
a first proposed segment, further comprising recursively per 
forming: determining a third polygon having a third set of 
vertices, wherein the third set of vertices is encompassed by a 
prior second polygon having a prior second set of Vertices, 
determining whether an intermediate vertex of the third set of 
Vertices is within the particular distance of a second proposed 
segment between two other vertices of the third set of verti 
ces, and removing the intermediate vertex from the third set of 
vertices in response to determining that the intermediate ver 
tex is within the particular distance of the second proposed 
segment between the two other vertices of the third set of 
vertices. 

6. The process of claim 5, comprising repeating the steps of 
determining the third polygon, determining whether the inter 
mediate vertex is within the particular distance, and removing 
the intermediate vertex until the resulting polygon has fewer 
than a specified number of vertices. 

7. The process of claim 6, further comprising: 
receiving the specified number as user input; 
causing display of the first polygon before receiving the 

specified number; 
causing display of the resulting polygon in response to 

receiving the specified number as user input. 
8. The process of claim 5, comprising repeating the steps of 

determining the third polygon, determining whether the inter 
mediate vertex is within the particular distance, and removing 
the intermediate vertex to form the resulting polygon, further 
comprising: 

causing receiving a command to be evaluated against the 
first polygon; 

in response to receiving the command, causing evaluation 
of the command against the resulting polygon. 

9. The process of claim8, wherein the command is a search 
for data items outside of the first polygon, wherein causing 
evaluation of the command against the resulting polygon 
generates a resulting set of data items, the process further 
comprising causing determining that one or more data items 
in the resulting set of data items are inside of the first polygon 
and, in response, removing the one or more data items from 
the resulting set of data items. 

10. The process of claim 1, wherein the polygon reducing 
logic comprises logic for performing a Minkowski Subtrac 
tion shrinking process on the particular vertex and a radially 
symmetric polygon; wherein the vertex reducing logic com 
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20 
prises logic for performing a Ramer-Douglas-Peucker vertex 
reducing process on the intermediate vertex and the two other 
vertices. 

11. The process of claim 1, wherein the first polygon is on 
a three-dimensional Surface, and wherein the particular dis 
tance is a distance along the three-dimensional Surface. 

12. The process of claim 1, wherein the first polygon is on 
a plane, and wherein the segment is a line segment. 

13. The process of claim 12, further comprising causing 
determining the first polygon from another polygon on a 
three-dimensional Surface by determining a projection from 
the three-dimensional Surface onto the plane. 

14. The process of claim 1, wherein the first polygon is a 
face of a first polyhedron, and wherein the second polygon is 
a corresponding face of a second polyhedron. 

15. The process of claim 1, wherein the first polygon has a 
third set of vertices in addition to the first set of vertices, and 
wherein determining the second polygon is performed with 
out determining, for any vertex in the third set of Vertices, a 
new set of vertices that are at least a particular distance inside 
the first polygon. 

16. One or more non-transitory computer-readable storage 
media storing instructions which, when executed by one or 
more processors, cause the one or more processors to per 
form: 

receiving, by one or more computing devices, first data 
representing a first polygon having a first set of vertices; 

generating a resulting polygon at least in part by: 
using polygon reducing logic of the one or more com 

puting devices, causing determining a second poly 
gon having a second set of vertices, such that the 
second polygon is encompassed by the first polygon, 
by determining, for each particular vertex in the first 
set of vertices, one or more new vertices that are 
determined from that particular vertex and are at least 
a particular distance inside the first polygon; 

using vertex reducing logic of the one or more comput 
ing devices, causing determining, for an intermediate 
vertex of the second set of vertices, whether the inter 
mediate vertex is within the particular distance of a 
proposed segment between two other vertices of the 
second set of vertices, wherein the intermediate ver 
tex is not on the proposed segment; 

using the vertex reducing logic, causing removing the 
intermediate vertex from the second set of vertices in 
response to determining that the intermediate vertex 
is within the particular distance of the proposed seg 
ment, 

on one or more non-transitory computer-readable storage 
media, storing the resulting polygon in association with 
the first polygon, wherein the resulting polygon has 
fewer vertices than the first polygon. 

17. The media of claim 16, wherein the one or more new 
Vertices are a fixed distance away from the particular vertex, 
wherein the fixed distance is greater than the particular dis 
tance. 

18. The media of claim 16, wherein the one or more new 
vertices include all those vertices, from a fixed number of 
possible vertices at fixed angles away from the particular 
Vertex, that are inside the first polygon by at least the particu 
lar distance. 

19. The media of claim 16, further comprising instructions 
which when executed cause: 

using the vertex reducing logic, causing determining, for a 
plurality of intermediate vertices of the second set of 
vertices, whether the intermediate vertices are within the 



is a first proposed segment, further comprising instructions 
which when executed cause recursively performing: deter 
mining a third polygon having a third set of vertices, wherein 
the third set of vertices is encompassed by a prior second 
polygon having a prior second set of vertices, determining 
whether an intermediate vertex of the third set of vertices is 15 
within the particular distance of a second proposed segment 
between two other vertices of the third set of vertices, and 
removing the intermediate vertex from the third set of vertices 
in response to determining that the intermediate vertex is 
within the particular distance of the second proposed segment 
between the two other vertices of the third set of vertices. 
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particular distance of segments between other vertices 
of the second set of vertices; 

using the vertex reducing logic, causing removing a Subset 
of the plurality of intermediate vertices in response to 
determining that intermediate vertices from the subset of 5 
the plurality of intermediate vertices are within the par 
ticular distance of segments between other vertices of 
the second set of vertices. 

20. The media of claim 16, wherein the proposed segment 
10 

21. The media of claim 20, further comprising instructions 
which when executed cause repeating the determining the 
third polygon, determining whether the intermediate vertex is 
within the particular distance, and removing the intermediate 
Vertex until the resulting polygon has fewer than a specified 
number of vertices. 

25 

22. The media of claim 19, further comprising instructions 
which when executed cause: 

receiving the specified number as user input; 
causing display of the first polygon before receiving the 

specified number; 
causing display of the resulting polygon in response to 

receiving the specified number as user input. 
23. The media of claim 20, further comprising instructions 
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which when executed cause repeating the determining the 
third polygon, determining whether the intermediate vertex is 
within the particular distance, and removing the intermediate 
Vertex to form the resulting polygon; further comprising 
instructions which when executed cause receiving a com 
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mand to be evaluated against the first polygon; in response to 
receiving the command, causing evaluation of the command 
against the resulting polygon. 

24. The media of claim 20, wherein the command is a 
search for data items outside of the first polygon, wherein 
causing evaluation of the command against the resulting 
polygon generates a resulting set of data items, the media 
further comprising instructions which when executed cause 
determining that one or more data items in the resulting set of 
data items are inside of the first polygon and, in response, 
removing the one or more data items from the resulting set of 
data items. 

25. The media of claim 20, wherein the polygon reducing 
logic comprises logic for performing a Minkowski Subtrac 
tion shrinking process on the particular vertex and a radially 
symmetric polygon; wherein the vertex reducing logic com 
prises logic for performing a Ramer-Douglas-Peucker vertex 
reducing process on the intermediate vertex and the two other 
vertices. 

26. The media of claim 20, wherein the first polygon is on 
a three-dimensional Surface, and wherein the particular dis 
tance is a distance along the three-dimensional Surface. 

27. The media of claim 20, wherein the first polygon is on 
a plane, and wherein the segment is a line segment. 

28. The media of claim 27, further comprising instructions 
which when executed cause determining the first polygon 
from another polygon on a three-dimensional Surface by 
determining a projection from the three-dimensional Surface 
onto the plane. 

29. The media of claim 20, wherein the first polygon is a 
face of a first polyhedron, and wherein the second polygon is 
a corresponding face of a second polyhedron. 

30. The media of claim 20, wherein the first polygon has a 
third set of vertices in addition to the first set of vertices, and 
wherein determining the second polygon is performed with 
out determining, for any vertex in the third set of Vertices, a 
new set of vertices that are at least a particular distance inside 
the first polygon. 


